Introduction
Plates/panels are one of the important structural elements in aerospace, automotive, marine and other high performance engineering structures. During their service life they are subjected to different loading conditions and resulting deformations may be moderate to large. These structural components are preferably made up of fiber reinforced composites stacked in layers or sandwich constructions resulting in saving of weight. Increase in the industrial use of laminated composites and sandwich construction necessitates the development of effective numerical tools/methods for the analysis of such structures. The large deformation analysis of the laminated composite plates subjected to different types of mechanical loading has been the subject of research interest of many investigators utilizing analytical and numerical tools. Using finite element method, Zhang and Yang [1] and Zhang and Kim [2] presented nonlinear analysis of thin to moderately thick laminated composite plates. Singh and Shukla [3] presented the nonlinear bending response of laminated plates using radial basis function. Transverse bending of shear deformable laminated composite plates in GreenLagrange sense accounting for the transverse shear and large rotations are presented by Dash and Singh [4] . A semianalytical approach for the geometrically non-linear analysis of rectangular laminated plates with general in-plane and out-of-plane boundary conditions under a general distribution of out-of-plane loads is presented by Shufrin et al [5] . Most popular numerical techniques are based on versatile finite element. Finite difference, differential quadrature and boundary elements methods have also been used. In the last few years, a numerical tool that avoids the problem of mesh generation has gained momentum and has received attention of many researchers primarily due to the flexibility in the construction of finite dimensional sub-spaces. Particularly in case of extremely complex domain of interest, traditional numerical methods are somehow difficult to implement. Although most work to date on meshless methods using Radial Basis Functions (RBFs) relates to the scattered data approximation, there has recently been an increased interest in their use for solving partial deferential equations (PDEs) in complex domain. This approach, which approximates the whole solution of the PDE directly using RBFs, is very attractive due to the fact that this is truly a mesh-free technique. A mesh-free kp-Ritz method of solution based on the kernel particle approximation for the field variables is used for the large deflection flexural analysis of laminated composite plates by Liew et al [6] . Kansa [7] introduced the concept of solving PDEs using RBFs. Solution techniques based on RBFs are one of the best methods that have attracted several researchers in recent years especially in the area of computational mechanics [8] [9] [10] [11] [12] [13] [14] . A review of meshfree methods for laminated plate is presented by Liew et al [15] . Most of the works reported in literature using meshless methods are limited to the linear analysis only. Linear solution may be obtained with considerable ease and less computational cost when compared to nonlinear solutions. Literature shows a considerable gap for nonlinear analysis of laminated composite and sandwich plates by meshless methods using RBFs. Also, plates subjected to point and line loads undergoing moderate to large deformations are sparsely treated even by other numerical tools. In the present study, the nonlinear flexural analysis of laminated composite and sandwich plates using different radial basis functions (RBFs) and various shear deformation theories is presented. Method of total linearization based on quadratic extrapolation technique is utilized in the present work. Laminated composite and sandwich plates with clamped and simply supported boundary conditions and subjected to uniform transverse pressure, sinusoidal pressure, line and point loads are analyzed.
Mathematical Formulation
A rectangular plate having a, b edge length along x, y axes respectively and thickness h along z axis whose mid plane is coinciding with xy plane of the coordinate system is considered. The geometry of rectangular laminated and sandwich plate in rectangular coordinate system is shown in Figures 1& 2 respectively . The displacement field at any point in the plate is expressed as [13] :
Where, is transverse shear stress function (TSF-3) proposed by Karama [18] . The parameters U, V and W are the in-plane and transverse displacements of the plate at any point (x, y, z) in x, y and z directions, respectively. u0, v0 and w0 are the displacements at mid plane of the plate at any point (x, y) in x, y and z directions, respectively. The functions Φx and Φy are the higher order rotations of the normal to the mid plane due to shear deformation about y and x axes, respectively. 
(2) Assuming plane stress condition in a layer, the constitutive stress-strain relations for kth layer in the plate is expressed as: 
Where, the parameters ij Q are the transformed reduced stiffness coefficients for layer. The governing differential equations of plate are obtained using Hamilton's principle and expressed as: 
The force and moment resultants in the plate and the detailed expressions of in-plane force and moment resultants and their derivatives used in equation is expressed by Singh and Shukla [3] . are the length and width of the plate, respectively. nx and ny are number of divisions along the length and width, respectively. α is a constant that governs the value of c for interior and boundary nodes. The nonlinear governing differential equations are linearized using the quadratic extrapolation technique (Shukla and Nath [19] ). Method of total linearization through quadratic extrapolation is used in the present work. Nonlinear terms are evaluated utilizing quadratic extrapolation technique at every step of marching variable (load) and transferred to right hand side as pseudo load vector, updating the load vector. In this process the left hand side contains only linear terms. At first iteration of every step, nonlinear terms are evaluated using quadratic extrapolation scheme.
In by Xiang et al [13] . It is observed that multiquadrics RBFs with above shape parameter does not produce good convergence for point and line loads. Wang and Liu [8] have suggested that for m=0.98 and 1.03, the RPIM-MQ performs the , where D is flexural rigidity and 'a' is plate length. It is observed that good convergence (within 3%) is obtained at 15x15 nodes. The present result is in good agreement with the results obtained by Timoshenko [21] . The convergence for the load TYPE-1, TYPE 2, TYPE -3, TYPE-4 and TYPE -5 applied on sandwich plate (Mat-2, a/h=10, hcore =0.8h) with all edges fixed is shown in Fig. 6 . It can be seen that convergence for uniformly distributed load is faster and within 1% at 15×15 nodes. The convergence for point load is relatively slow and it converges within 3% at 15×15 nodes. The convergences of deflection corresponding to other load types are reasonably good.
4.2
Numerical examples Symmetric cross-ply [0/90/90/0] square plate with simply supported edges is analysed. The nonlinear transverse central deflection of the plate under uniformly distributed load (TYPE-5) utilizing different plate theories and radial basis functions is presented in Table- 1. The results are also compared with results due to Kant and Kommineni [22] and Zhang and Kim [2] . The present results are found to be in good agreement. It can be seen that results obtained from all the RBFs except Gaussian radial basis function are in good agreement with analytical results due to Kant and Kommineni [22] . The Gaussian radial basis function underestimates the nonlinear response.
Linear and non-linear transverse central displacement of the plate subjected to various types of loadings are obtained and shown in Table 2 . It can be seen that the central deflection is highest corresponding to load TYPE-3 followed by load TYPE-2 and is least for load TYPE-4. The nonlinear transverse displacement of the symmetric cross-ply plate with all edges clamped is also obtained and shown in Fig.7 . It can be seen that the central deflection is highest when the plate is subjected to point load (TYPE-3) at center and it is least when it is subjected to sinusoidal loading.
The analysis is further extended for a square sandwich plate ( Mat-2, a/h=10) . The thickness of top and bottom face is taken as hface = h/10 and the thickness of the core sheet is taken as hcore = 8h/10. The effects of various transverse loading on central deflection of a clamped sandwich plate(R=5) is shown in Fig-8 . It can be seen that the deflection is highest when plate is subjected to point load (TYPE-3) and least for sinusoidal load (TYPE-4). Comparison of non-linear transverse central deflection of simply supported sandwich square plate under different type of loadings is shown in Fig.9 . Fig. 10 shows the variation of nonlinear transverse deflection of mid plane along centerline of clamped sandwich plate under different transverse loads. It is observed that the deflection at center corresponding to point load is much higher as compared to other load types. This difference decreases at locations near the edges. Nonlinear central deflections of simply supported square sandwich plate utilizing different radial basis functions (RBFs) are obtained and shown in Fig. 8 . It can be seen that results obtained using Gaussian function (RBF-2) underestimates the nonlinear response as compared to other RBFs. Fig. 12 depicts the variation of nonlinear transverse central deflection of simply supported sandwich square plate with different core thickness. It can be seen that with increase in core thickness, the deflection increases, as expected. 
Conclusions
The 
